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A statistically valid increase in clearance 
from plasma of branched-chain amino acids 
and threonine in cirrhotic patients as com- 
pared to normal subjects has recently been 
reported in this journal [ 11. A significant in- 
crease in rate of disappearance of branched- 
chain amino acids was observed after an 
oral protein load or following infusion of 
pure L-amino acids; the significant increase 
in threonine clearance was observed only 
after intravenous administration of a bal- 
anced mixture of essential amino acids. Ar- 
guments in support of the premise that this 
phenomenon may be indicative of an in- 
creased need by the cirrhotic patient for 
these amino acids have been presented. In 
order to seek further evidence for this pro- 
posal, the distribution of free amino acids in 
liver, plasma, and muscle has been deter- 
mined at the time of operation in cirrhotic 
patients and in patients with normal hepatic 
function undergoing cholecystectomy. 
METHODS 
“Control” subjects were seven patients of 
comparable age undergoing elective chole- 
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cystectomy; in each instance, preoperative 
studies of liver function were within normal 
limits. Ten patients with cirrhosis of the liver 
all had well-compensated liver disease and 
portal hypertension and were undergoing 
elective portacaval shunt. 
Blood specimens were obtained just prior 
to induction of anesthesia in order to elimi- 
nate variables introduced by administration 
of intravenous fluids or blood. A portion of 
each liver specimen obtained at biopsy was 
sent for histological confirmation of “nor- 
mality” or of the presence of cirrhosis. All 
muscle specimens were obtained at biopsv 
from the right rectus abdominis muscle within 
the confines of the incision. 
The processing of blood specimens has 
been previously described. Tissue specimens 
were immediately chilled, freed of fat and 
connective tissue, weighed, and converted 
to a 20% homogenate in 1% picric acid. A 
small portion of each specimen was reserved 
for analysis of water and nitrogen. Concen- 
trations of free amino acids in the picric acid 
filtrates were determined with the Piez modi- 
fication of the amino acid analyzer [3]. 
Limited sample size and methodological 
difficulties prevented the acquisition of suf- 
ficient data on tryptophan content of these 
specimens of tissue. 
The data were analyzed statistically by the 
nonparametric rank-sum test of Wilcoxon. 
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RESULTS 
The data with accompanying standard er- 
rors are reported in Table 1. A significantly 
lower concentration of branched-chain amino 
acids (valine, isoleucine, leucine) in the 
muscle of cirrhotic patients, as compared to 
“control” subjects, was found. A valid differ- 
ence in concentration of free valine in plasma 
from fasting patients was also observed. 
In the statistical analysis of these data, 
nonparametric methods have been used, 
since the form of the distribution of the pop- 
ulation may not agree with the assumptions 
of the classical statistical methods. However, 
since the “t” test for groups of unequal size 
is somewhat more “powerful,” this statistic 
h as also been derived, and an equivalent 
order of significance was found by this 
mtdiod as well. 
DISCUSSION 
These findings might be explained on the 
basis that the increased need for branched- 
chain amino acids is supplied by protein 
catabolism in muscle, bringing about a sec- 
ondary depletion of amino acid pools in 
muscle. This might provide an explanation 
for the profomld muscle-wasting observed in 
the more advanced forms of cirrhosis. 
In a study of the chemical pathology of 
amino acid deficiency in rats force-fed diets 
devoid of a single amino acid, Sidransky and 
Verney [4] have found a decrease in protein 
synthesis in skeletal muscle as measured by 
rate of incorporation of a radioactive amino 
acid. The content of free amino acids in the 
livers of these rats was normal, including the 
amino acid absent from the diet; they also 
postulate that breakdown of muscle protein 
takes place to satisfy obligatory requirements 
for synthesis of more essential proteins by 
the liver. 
hililler et al. [2], in studies involving perfu- 
sion of the eviscerated carcass of rats with a 
labeled amino acid, have shown that non- 
hepatic tissues rapidly remove amino acids 
from circulating blood. The increased rate of 
disappearance of branched-chain amino 
acids from the plasma of patients with cir- 
rhosis may, on the basis of findings reported 
here, be related to an increased uptake by 
muscle relatively deficient in these amino 
acids; in turn, the decreased concentration in 
muscle of these amino acids may be sec- 
ondary to increased catabolism of muscle 
protein so that adequate amounts of these 
amino acids are available to the liver for 
the synthesis of essential proteins by this 
organ. 
SUMMARY 
A significant decrease in concentration of 
branched-chain amino acids in skeletal mus- 
cle of cirrhotic patients has been observed. 
These data are presented in further support 
of the concept that a relative deficiency of 
these amino acids may be present in cirrhotic 
patients. 
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